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(54) Push-pull data transmission 



(57) The invention relates to a device 
for push-pull transmission of items of 
binary information, wherein in order to 
improve the ratio of the information 
which can be simultaneously 
transmitted to the number of lines in a 
line group comprising at least three 
lines, more than two different 
potentials are produced on the lines 



whilst maintaining a constant 
potential sum in the line groups. Two 
or more line groups can serve to form 
phantom circuits. As shown, push-pull 
transmitters such as GTS1, GTS2 and 
GTS3 are each connected to different 
pairs of n transmission lines such as 
L1 , L2, L3. A coder SCN3 controls the 
transmitters so as to produce signal 
• states on the lines corresponding to 
respective combinations of binary 
input signals E1 , E2. 
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f ' 9Ure Figure 3 illustrates a transmitting device for the transmission of 5 bits across two three-wire line 



line 
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SPECIFICATION 

Push-pull data transmission 

The invention relates to a data transmission system for push-pull transmission of binary 

,nform r a h t ^°" ush H princip | e is used witn preference for transmitting data between two opposite 5 
stations in which equal earth potentials are not assured. The transmission of push-pull signals on a 
double line at least Jargely suppresses common mode interference since at the receiving end an analysis 
is only carried out of the potential difference between the two lines on the basis of the sign of which the 

information is formed. . .. •*ui„ „ ^„»o m 

1 o The parallel transmission of a plurality of bits, for example between various units within a data 1 0 
processing system, over a corresponding number of double lines involves a considerable outlay in terms 
of lines and line plugs, the unpleasant manifestation of which is a large space requirement and high 

°° StS It is generally known to form a so-called phantom circuit from two double lines and thus to improve 
1 5 the ratio of the information which can be simultaneously transmitted to the overall number of physical 
lines — in the following referred to as transmission capacity — from 0.5 bits to 0.75 bits. 

The aim of the invention is to provide means by which the transmission capacity can be further 

incrsa sed 

According to the present invention there is provided a data transmission system comprising n 
20 lines where n is greater than or equal to three, connected to at least n push-pull transmitters, each 
transmitter being connected to a different pair of the lines, coder means responsive to binary input 
. signals supplied thereto to control the transmitters so as to produce signal states on the lines 
corresponding to respective combinations of the input signals, and receiving means comprising a 
plurality of receivers each responsive to the states of a different pair of the lines and coder means 
25 arranged to produce binary output signal combinations corresponding to respective input signal 

combinations. Preferably * n (n-1 ) transmitters are employed. The number of receivers will usually be 
the same as the number of transmitters although as will be seen below, it is sometimes possible to 
reduce the number of receivers. ••♦„,„ 
With i n (n-1 ) transmitters the maximum information capacity (where no phantom circuits are 
30 provided) is log, (n !) and thus, for transmission in pure binary, preferably the transmitter coder means JO 
has k binary inputs where k is the largest integer less than log 2 (" I). .... 

In some circumstances it may be preferable to divide the lines into groups of at least three lines, 
each group being assigned a separate group of * x (x-1 ) transmitters, where x is the number of lines in 
the relevant group. The groups may all have the same number of lines, in which case, for m groups, 

35 x - nfm T ^ CQder means for tne transmitters of each group may operate independently, or some may be 
interdependent, with shared inputs, for a greater bit capacity (since, in general the largest integer less 
than the sum of the log 2 (x!) will be greater than the sum of the largest integers less than log 2 (x!). 
The groups may be combined to form phantom circuits, and with three or more groups the 

40 phantom circuits may be operated in the same way as the line circuits: as with the coder means for the 
groups, the coder means for the transmitters of the phantom circuits may be independent of, or may 
share inputs with, those for the lines. . 

Some exemplary embodiments of the invention will now be described with reference to the 
accompanying drawings, in which: . . 

45 Figure 1 illustrates the principle of a transmitting device for push-pull transmission of two bits «o 

across a three-wire line group; .... u 

Figure 2 illustrates the receiving device which corresponds to the transmitting device shown in 



20 



25 



35 



40 



50 



50 groups; . 

Figure 4 illustrates a transmitting device for the transmission of 4 bits across a four-wire 

group; and^ ^ j||u8trate8 g transmitting de , ;,, for the transmission of 9 bits across three three-wire line 

arouDS exploiting phantom circuits. cc 

55 If one considers push-pull transmiss - - ,• ross a double line, it will become obvious that the line s& 

potentials must differ from one another in •• , '• state in order that they can be interrogated, 
without reference to earth potential, by m- - i ■-. rii^rtial amplifier, and that the sum of the 
potentials is constant. If one of the potenr . -i-signeted zero, the values shown .n Table 1 

will apply. 
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TABLE 1 





Potentials 




Signal 


L1 


L2 


Potential Sum 


0 


0 


1 


1 


1 


1 


0 


1 



The principle which forms the basis of push-pull transmission on a double line can be extended to 
a group of n lines where n is greater than two. In the case of a line group where n—3 lines the values 
shown in Table 2 will apply. 

TABLE 2 



L1 


Potentials 
L2 


L3 


Potential Sum 


0 


1 


2 


3 


0 


2 


1 


3 


1 


2 


0 


'3 


V 


0 


2 


3 


2 


0 


1 


3 


2 


1 


0 


3 



Thus it is possible to transmit six different logic states and thus log 2 (6) bits where the symbol 
log 2 signifies, in known manner, the logarithm to the base 2, 

Table 3 illustrates a few important values in dependence upon the number n of lines in a line 
group. 

TABLE 3 



Lines 


Potentials 


Potential 
Sum 


Information 
(bits) 


Information/ 
per line 
(bits) 


2 


2 


1 


1 


0.5 


" 3 


3 


3 


2.585 


0.86 


4 


4 


6 


4.585 


1.14 


5 


* 5 


10 


6.907 


1.39 


6 


6 


15 


9.492 


1.58 


n 


n 


(n-1)n 12 


iog 2 (n!) 


[log 2 (n!)]/n 



Figure 1 illustrates a transmitting device for push-puil transmission of two bits over three lines L1 
to L3. The resistors RS, whose value corresponds to the characteristic impedance of the lines, form the 
load resistances for the individual transmitters GTS1 to GTS3 which are designed as push-pull 
amplifiers. As in the exemplary embodiments to be discussed further in the description, the individual 
5 transmitters are of identical construction and each contain two transistors T1 , T2 whose emitters are 1 5 
commonly connected to a constant current source K. The base of one transistor T1 is connected to an 
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intermediate (control) signal B3 1 . The base of the other transfstor T2 is connected to a fixed reference 
potential VR. The collectors of the two transistors T1 and T2 are connected to the lines L1 and L2 

respectively. .... . . 

The two other push-pull transmitters GTS2 and GTS3 are controlled in a similar manner by the 
5 transmitter-end intermediate signals B32 and B33. The collectors of the transistors of these individual 
transmitters are connected to the lines L1 , L3 and L2, L3 respectively. This exhausts all possible 
combinations, and additional transpositions are not permitted. For example it would not be possible to 
increase the transmission power by connecting a fourth individual transmitter. On the other hand 
polarity reversals can be effected as these merely correspond to an inversion of the relevant 
10 intermediate signal. 

The list of the possible potentials on the lines L1 to L3 which corresponds to the six possible states 
and which has already been given in Table 2 has been shown again in Table 4 in the form of voltage 
units. Here the logic values of the intermediate signals B31 to B33 have been given. 



TABLE 4 



E1 


E2 


B31 


B32 


B33 


L1 


L2 


L3 


1 


1 


1 


1 


1 


2 


1 


0 


1 


0 


1 


1 


0 


2 


0 


1 






1 


0 


0 


1 


2 


0 






0 


1 


1 


1 


0 


2 


0 


1 


0 


0 


1 


0 


2 


1 


0 


0 


0 


0 


0 


0 


1 


2 



1 5 The intermediate signals B3 1 to B33 are derived by a transmitting end coder network SCN3 1 5 

(Figure 1 ) from the input signals E1 and E2 which are to be transmitted. However as the input signals E1 
and E2 can only assume four different logic states, of the six different logic states arising from the 
possible potential distributions on the lines L1 to L3, any two thereof are superfluous. Preference will be 
given to those four potential distributions in respect of which recoding of the input signals E1 and E2 to 

20 the intermediate signals B3 1 to B33 can be effected most easily. An assignment of this kind can be 20 
seen from Table 4 if this is read row by row. This shows that in the event of push-pull transmission of 2 
bits over a three-wire line group, under the conditions which have been selected the transmitting end 
coder network is so to speak degenerated as, since B3 1 =E1 , B32=E1 , and B33=E2, it exerts only a 
branching functiuon or switch-through function. 

25 Figure 2 illustrates the receiving device which is assigned to the transmitting device illustrated in 25 

Figure 1 and which comprises push-pull receivers GTE1 to GTE3 which are identical to one another. As 
illustrated in Figure 2 in the example of the push-pull receiver GTE1 , each receiver contains two 
transistors T3 and T4 whose coupled emitters are connected to a constant current source K. The base 
electrodes of the transistors are connected to the lines L1 and L2 which are terminated by resistors RE 

30 correspondings to the characteristic impedance, as also is the line L3. A receiving end intermediate 30 
signal Z3 1 is obtained from the collector of the transistor T3 with a load resistance RC. 

The connection of the inputs of the two other push-pull receivers GTE2 and GTE3 to the lines L1 
to L3 is effected in a manner similar to that of the connection of the outputs of the corresponding 
transmitters. The receivers GTE2 and GTE3 supply further receiving-end intermediate signals 232 and 

35 Z33. 35 
A receiving-end coder network ECN3 serves to convert the intermediate signals Z31 to Z33 into 
the output signals A1 and A2 which are to be identical to the original input signals E1 and E2. In this 
example the receiving end coder network ECN3 also becomes extremely simple, as can easily be seen 
from Table 4, if the signals B31 to B33 and E1 , E2 are replaced by the signals Z31 to Z33 and A1 , A2 

40 respectively. Here we have in fact A1=Z31 or A 1=Z32 and A2=Z33. One of the two receivers GTE1 or 40 
GTE2 could thus be dispensed with. 

The extremely simple method of deriving the transmitting end intermediate signals B3 1 to B33 
from the input signals E1 and E2 on the one hand, and of deriving the output signals A1 and A2 from 
the receiving end intermediate signals Z31 toZ33onthe other hand does however involve the 

45 disadvantage that a change in only one input signal E 1 or E2 can give rise to a change in the potentials 45 
on all three lines L1 to L3. This can give rise to the formation of so-called spikes at the receiving end. 
Table 5 illustrates one of several codes whereby, in the event of a change in only one input signal, 
potential changes occur only on two lines. 
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TABLE 5 



E1 E2 


B31 B32 B33 


L1 L2 L3 


1 1 

1 0 
0 1 
0 0 


1 1 1 
1 1 o 
1 0 0 
0 1 1 
0 0 1 
0 0 0 


2 1 0 
2 0 1 
1 2 0 
1 0 2 
0 2 1 
0 1 2 



The transmitting end and receiving end coder networks SCN3 and ECN3 must now be designed ii 
accordance with the following logic equations: 



B31=E1.E2 

5 B32 = E1 & 
B33 = E1^E2 
and: 

A1 = Z32 

A2 = Z32*Z33 

10 In this case the push-puil receiver GTE 1 is superfluous. 10 
Here, as in the following exemplary embodiments, the coder networks have been fully 

characterised by the quoted logic functions. The logic function symbols which have been used represent 

+ OR 

.< AND 
1 5 = logic identity 

exclusive or , . , , x ... , 

As can be seen from Table 3, the computed value for the information which can be transmitted 
across a three-wire line group amounts to 2.585 bits. However in reality only two bits can be 
transmitted as can easily be seen and as also shown in the above described exemplary embodiment 
20 (although occasionally it may be possible to transmit three bits if not all input combinations are used) 
On the other hand it is possible to transmit 5 bits across two line groups each comprising three lines if 
an appropriate design of the transmitting end coder network ensures that at least some of the input 
signals E 1 to E5 influence the potential distribution of both line groups. ^ 

Figure 3 illustrates the plan of a corresponding transmitting device. The receiving device is 
25 constructed in a similar fashion (see also Figure 2). In order that the transmitting end intermediate 25 
signals B321 to B326 may be derived from the input signals E1 to E5, the transmitting end coder 
network SCN32 is arranged to fulfil the following logic equations: 



15 



20 



B321=E1 

B322 = E1 s(E3 + E4.E5), 
30 B323 = E1 £(E3 + E5) 

B324 = E2 

B325 = E2 ~ (E3 = E4 + E4.E5) 
B326 = E2 * (E3 + E5) 



As regards the receiving end coder network ECN32 we then have 



30 



35 



35 A1 =Z321 
A2=Z324 

A3 = (Z321 » Z322) . (Z324 Z326) 
A4 = (Z322£Z325)s=(Z321 ==Z324) 
A5 = (Z321 ± Z323) . (Z324 £ Z326) 

40 As a further example Figure 4 illustrates a simplified transmitting device comprising 6 push-pull 40 

transmitters GTS 1 to GTS 6 for the transmission of 4 bits across a line group comprising four lines L1 to 
L4. The connection of the receiver inputs to the lines L1 to L4 corresponds to the connection of the 
transmitter outputs. As, of the 24 possible combinations of transmitting end intermediate signals, only 
1 6 are required for the transmission of the four input signals, the possibility again exists of selecting the _ 
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means of deriving the transmitting end intermediate signals B41 to B46 from the input signals E1 to E4 
to be as simple as possible and to ensure that in the event of a change in only one input signal the line 
potentials are changed on only two lines. 

Table 6 illustrates an appropriate conversion of the input signals E1 to E4 into the transmitting end 
5 intermediate signals B41 to B46 and moreover into the line potentials on the lines L1 to L4. For this 5 
purpose it is necessary to use logic elements which fulfil the following logic functions in the 
transmitting end coder network SCN4: 

B41 =(E1 +E2). (E2 + E3). 
B42 = ET 

10 B43 = (F( +*E2).(E2 + E3) 10 
B44 = (El +"E2] . (E3 + E4) 
B45 = E3 _ 
B46 = E1.E4+ E3.E4 



TABLE 6 



E1 


E2 


E3 


E4 


B41 


B42 


B43 


B44 


B45 


B46 


L1 


L2 


L3 


L4 


0 


0 


0 


0 


1 




0 


0 


0 


0 


2 


0 


1 


3 


0 


0 


0 


1 


1 




0 


1 


0 


0 


2 


1 


0 


3 


0 


0 


1 


0 


0 






1 


1 


1 . 


2 


3 


1 


0 


0 


0 


1 


1 


0 






1 


1 


0 


2 


3 


0 


1 


0 


1 


0 


0 








0 


0 


0 


3 


0 


1 


2 


0 


. 1 


0 


1 








1 


0 


0 


3 


1 


0 


2 


0 


1 


1 


0 








1 


1 


1 


3 


2 


1 


0 


0 


1 


1 


1 








1 


1 


0 


3 


2 


0 


1 


1 


0 


0 


0 




0 


0 


0 


0 


0 


1 


0 


2 


3 


1 


0 


0 


1 




0 


0 


0 


0 


1 


1 


0 


3 


2 


1 


0 


1 


0 


0 


0 


1 


1 


1 


1 


1 


a 


2 


0 


1 


0 


1 


1 


0 


0 


1 


0 


1 


1 


1 


2 


3 


0 


1 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


2 


3 


1 


1 


0 


1 


0 


0 


0 


0 


0 


1 


0 


1 


3 


2 


1 


1 


1 


0 


0 


0 


0 


1 


1 


1 


0 


3 


2 


1 


1 


1 


1 


1 


0 


0 


0 


0 


1 


1 


0 


2 


3 


1 



1 5 Table 6 will apply to the receiving end if the transmitting and intermediate signals Z41 to Z46 and 1 5 

the input signals E1 to E4 are replaced by the output signals A1 to A4. For the conversion, the receiving 
end c oder network must execute the following logic functions: 
A1 =Z42 
A2 = Z41 =Z43 

20 A3 = Z45 20 
A4 = Z44 * Z46. 

As the measures in accordance with the invention ensure that the sum of the potentials within a line 
group and thus also the mean group potential remain constant, by combining two or more line groups it 
is possible to form phantom circuits. Thus for example in the exemplary embodiment illustrated in 

25 Figure 3 it is possible to form a 2-line phantom circuit and thus to increase the overall transmission 25 
capacity from 5 bits to 6 bits. 

In the case of more than two groups, the same measures which have been described above in 
respect of groups composed of more than two lines can be used for the phantom circuits. Usually each 
group will have the same number of lines. Table 7 illustrates a few characteristic values in dependence 

30 upon the total number n of the lines and the number m of the line groups employing phantom circuits. It 30 
is assumed that each group has n/m lines and that only one phantom group is formed by the mam 
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Groups although this is not essential. It may be noted that the bit capacity for m groups each with x 
Hnes is the s° m of the bit capacity I (log, (xl)) of the individual groups, plus that of the phantom crams, 
the actuaf bit capacity being of course, the largest integer less than this total. Where the number of 

lines per group is constant, x = n/m. 

TABLE 7 



No. of 
Lines 



4 

4 

6 
6 

6 

8 

8 

8 

9 

9 

n 



No. of 
Groups 



1 
2 
1 

2 

3 
1 

2 
4 
1 
3 
m 



Lines per 
Group 



4 

2 

6 
3 

2 
8 
4 
2 
9 
3 

n/m 



Potentials 



4 

3 

6 
4 

4 
8 
5 
5 
9 
5 

m+n/m-1 



No. of 
Combinations 



24 
3 

720 
72 

48 
40320 
1152 

384 
362880 

1296 

2 



Information 
(bits) 



4.585 
3 

9.492 
6.170 

5.585 
15.299 
10.170 

8.580 
18.469 
10.339 
log 2 z 



Information/ 
per line 
(bits) 



1.146 

0.750 

1.585 
1.028 

0.931 
1.912 
1.271 
1.073 
2.052 
1.148 
(iog 2 z)/n 



= [(n/m) I] . mi 



From the varioius possibilities of forming grouped line systems based on the ^^^ o a u f as rr !; the 
line arrangement comprising three line groups each Hnes 
permits an electrically advantageous cabling technique m which he mutual ^'"9^™ Thjs 
be Zing to various groups balance one another even at relatively short ^ Qn ^ ^ n J ™ Th,S 
1 0 ^£S^l^m characteristic impedance which is only slightly smaller m value than the 

characteristic impedance of the individual lines. nm «„ntetrt 10 bits since 4 x 

The overall transmission capacity of an arrangement of th.s k'nd amounts to 0 b ts since 4 
2 585 bits = 1 0.34 bits where 2.585 bits as shown in table 3 is the theoretical value of the 
. 'fsSon capacity of a three-line group. This alsc , r^uhs in a comparatively w ™mb^of .m. ^ ^ 

nUmb rn this case however the formation of the intermediate signals for the ^^.^^ 
phantom circuits is assisted by input signals which in fact control the 

20 signals for the transmitter groups of the individual line groups. The re ^ Q re ft e 

receiving end. As, however, the transit times on the phys.cal line c.rcuits and on *« P^"*^ 0 ^" t 
dlSer somewhat from one another on account of the different *"™^*^£ nCM ' 0UtPU 
signals can occur at the receiving end for the duration of the transit time J^" 0 ^ 

Although not particularly serious, this shortcoming can be avoided if the ^mittng ' ano 

25 receiving devices are designed to transmit 9 bits, thus abandoning the mM ™™.™™™™™ZZT 
but enabling the phantom circuits to operate independently of ' he 

this kind represents, as is known, an information unit wh.ch is frequently used in data tecnno.ogy. 
which 8 bits are normally interpreted as data bits and the ninth bit as a P?"^- jtter ' 

Figure 5 schematically illustrates a corresponding *™™™r*^^£uS and 5 to L33. 
30 groups SG1 to SG3 and SGP which operate on the l.ne groups L1 1 < to I 13, J-2 1 to ^ ' 
and on the phantom circuits. The transmitting end intermediate signals B331 to I B338 ^™ 
L input sisals E1 to E7. and the intermediate signals ^A to B33C«^^lrom^.n^ 
signals E8 and E9 by means of separate coder networks SCN33 and bur . 1 1 ne ne d « additiona | 
resistors R which are matched to the characteristic impedance of the individual hnes, and the addit.onai 



10 



15 



20 



25 



30 
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resistors R' form the matching to the characteristic impedance of the three-line group. As regards the 
receiver groups, which are directly connected to the lines, as in the case of the previously discussed 
exemplary embodiments the receiving device is of similar design to the transmitting device and 
therefore need not be described in detail. One exception, which remains to be discussed, consists of the 
5 receiver group which is assigned to the phantom circuits. 5 
The conversion of the input signals into the transmitting-end intermediate signals by means of the 
coder networks SCN33 and SCNP can be effected by means of the following logic equations: 



B331=E1 
B332 = EM=E7 

10 B333 = E1 10 
B334 = E2 _ 
B335 = E2 = (E6 + E4.E5) 
B336 = E2 (E5 + E?,E6) 
B337 = E3 

1 5 B338 = E3 s (E4 + E5.E6) B339 = E3 * (E4 + E5.E6) 1 5 

B33A = E8.E9 
B33B = E8 
B33C = E8=j=E9 



The following recoding procedure must then be carried out at the receiving end: 



20 



20 A1 =2331 
A2 = Z334 
A3 = Z337 

A4 = ( Z338 £ Z337) + Z339 =j= Z337) . (Z336 * Z334) 
A5 = (Z33B £ Z334) + ( Z555 =*= Z337) . (Z339 * Z337) 
25 A6 = (Z335 =E Z334) + (Z336 Z334) . (Z338 £ Z337) 25 
A7 = Z332^S331 
A8 = Z33B 
A9 = Z33B^Z33C 

It will be clear from the above list that only two receiving end intermediate signals, namely Z33B 
30 and Z33C are required for the derivation of the output signals A8 and A9. As a result one push-pull 30 
receiver can be dispensed with in the receiver group assigned to the phantom circuits. 

As in the case of the double line, in the line systems here under consideration it is possible to carry 
out a simultaneous bidirectional operation (duplex operation). A transmitting-receiving device suitable 
for this purpose which is to be connected to one pair of lines in all the combinations possible m the case 
35 of more than two lines (without repetition), is known for example from German Patent 26 33 066. 35 
However in duplex operation it should be noted that the number of line potentials is 
'2. (m + nlm - 1 ) - 1 , i.e. is virtually doubled in comparision to unidirectional transmission. 

CLAIMS 

1 . A data transmission system comprising n lines, where n is greater than or equal to three, 

40 connected to at least n push-pull transmitters, each transmitter being connected to a different pair of 40 
the lines, coder means responsive to binary input signals supplied thereto to control the transmitters so 
as to produce signal states on the lines corresponding to respective combinations of the input signals, 
and receiving means comprising a plurality of receivers each responsive to the states of a different pair 
of the lines and coder means arranged to produce binary output signal combinations corresponding to 

45 respecitve input signal combinations. 45 

2. A data transmission system according to claim 1 , having \n[n-^ ) said transmitters. 

3. A data transmission system according to claim 2, in which the transmitter coder means has k 
binary inputs where k is the largest integer less than log>!), whereby all combinations of the binary 
input signals can be transmitted. 

50 4. A data transmission system according to claim 1 , in which the said n lines compr-se at least two 50 

groups of at least three lines, each group being assigned a separate group of £x(x-1 ) transmitters, 
where x is the number of lines in the relevant group. 

5. A data transmission system according to claim 4, in which each group has the Sci-. -.•.niner of 

lines. 

55 6. A data transmission system according to claim 4 or 5 in which the coder means * ' ■■•»r.n 55 

group, an independent coder section having k' binary inputs where k' is the largest integ- ' 
log 2 (x!). 

7. A data transmission system according to claim 4 or 5 in which the transmitter ct: • • ■ • ^ ms. 
in respect of at least some of the groups, interdependent coder sections having together - 
60 inputs where k" is the largest integer less than the sum of the log 2 (x!) for therelevant grn : 60 
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8. A data transmission system according to any one of claims 4 to 7 in which one or more 
phantom circuits are formed by the groups. 

9. A data transmission system according to claim 8 with at least three groups, the phantom 
circuits being arranged in accordance with any one of the preceding claims. 

5 1 0. A data transmission system according to claim 9 in which the transmitter coder means for the & 

phantom circuits is arranged to operate independently of the transmitter coder receiver for the lines. 

1 1 . A data transmission system according to claim 9 in which the transmitter coder means for the 
phantom circuits and the transmitter coder means for the lines are interdependent, sharing at least 

1 0 S ° me ^aSS^ system substantially as hereinbefore described with reference to figures 1 1 0 

and 2 of the accompanying drawings. ♦ *• -> 

1 3. A data transmission system substantially as hereinbefore described with reference to figure 3 
of the accompanying drawings. a 

1 4. A data transmission system substantially as hereinbefore described with reference to figure 4 

1 5 of the accompanying drawings. * v c 

1 5. A data transmission system substantially as hereinbefore described with reference to figure 5 

of the accompanying drawings. . 

1 6. Device for push-pull transmission of an item of binary information across line 9>"ouP s 
comprising n > 3 lines, with push-pull transmitters and push-pull receivers, characterised by a 

20 transmitting-end coder network (SCN) which serves to form s = (n-1 ) n/2 control signals (B1 to Bs) for 20 
the control of s push-pull transmitters (GTS1 to GTSs) whose outputs are connected in s combinations 
without repetition to the n lines (L1 to Ln). from k input signals (E1 to Ek) which are to be transmitted, 
where k is the largest integer less than log 2 (n !)< 1 d (n !), by s push-pull receivers (GTE1 to i GTEs) whose 
inputs are connected to the lines (L1 — Ln), and by a receiving-end coder network.(ECN) which serves to 

25 form output signals (A1 to Ak), which are identical to the input signals (E1 to Ek) from the intermediate i* 
signals (Z1 to Zs) emitted from the push-pull receivers (GTE1 to GTEs). 
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